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ABSTRACT 

The use  of NH3 and H 2 0  a s  s t o r a b l e  forms of O 2  

and N 2  i s  shown t o  i n t e g r a t e  w e l l  w i t h  t h e  Sabatier reactor 
and e l e c t r o l y s i s  c e l l  oxygen recovery  system. E l imina t ion  
of c ryogenic  s t o r a g e ,  s u b s t a n t i a l  weight  s a v i n g s ,  and 
dec reased  l e a k  loss  s e n s i t i v i t y  are achieved  through this 
method of s t o r a g e .  

The u s e  of NH3 as an N 2  storage form a l s o  enab le s  
one t o  approach t h e  performance of a Bosch reactor and 
e l e c t r o l y s i s  c e l l  system w i t h  t he  Sabatier system. The 
Sabat ier  system i s  a t  p r e s e n t  cons ide red  t o  be w i t h i n  t h e  
s t a t e - o f - t h e - a r t  w h i l e  t h e  Bosch system has n o t  y e t  achieved 
reliable o p e r a t i o n .  The NH3-H20 s t o r a g e  used i n  con junc t ion  
w i t h  t h e  Sabatier r e a c t o r  and e l e c t r o l y s i s  c e l l  has  a l l  of 
the advantages and f e w  of t h e  d i sadvan tages  of e i t h e r  major 
system. 

b L 
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The t w o  C 0 2  r educ t ion  systems which are be ing  con- 
s i d e r e d  f o r  u se  i n  r e g e n e r a t i v e  l i f e  suppor t  systems are t h e  
aosch  and Sabatier r e a c t o r  s y s t e m s .  The choice  which con- 
f r o n t s  systems d e s i g n e r s  i s  whether t h e  developmental  d i f f i -  
c u l t i e s  which have plagued t h e  Bosch r e a c t o r  system are worth 
t h e  performance advantage i t  o f f e r s  over  t h e  re l iab le  
Sabatier reactor system. 

w i t n  t h e  Sabatier r e a c t o r  by  s t o r i n g  leakage makeup oxygen 
and n i t r o g e n  as water and ammonia. I n  a d d i t i o n ,  t h e r e  are  
s i g n i f i c a n t  advantages accru ing  from t h e  non-cryogenic l o g i s -  
t i cs  re supp ly  and space  s t o r a g e  of t h e  oxygen-and n i t r o g e n  
as ammonia and water.  A d e t a i l e d  a n a l y s i s  and d e s c r i p t i o n  
of oxygen and n i t r o g e n  systems appear  i n  t h e  Appendix. A 
b r i e f  summary of the systems and r e s u l t s  fo l lows .  

Much of t h e  Bosch system performance can be achieved 

System D e s c r i p t i o n s  

Previous  Sabatier reactor systems have used H 2 0  

s t o r a g e  as a way of supplying hydrogen and oxygen. F i g u r e  1 
shows a schemat ic  of t h e  Sabatier system wi th  w a t e r  s t o r a g e  
and cryogenic  n i t r o g e n  s t o r a g e .  If enough w a t e r  i s  electro- 
l y z e d  t o  supply  hydrogen t o  reduce  a l l  t h e  C 0 2 ,  t h e r e  w i l l  be 

more t h a n  enough oxygen t o  supply t h e  crews metabolic needs.  
T h e r e f o r e  t h e  mode of o p e r a t i o n  i s  t o  only  produce enough 
oxygen as i s  needed, and t o  dump t h e  unreac ted  C 0 2 .  

i s  l eakage ,  more oxygen w i l l  be r e q u i r e d  and F i g u r e  2 shows t h e  
d a i l y  t o t a l  ( i n c l u d i n g  tankage)  H20 and LN2 consumption wi th  
v a r y i n g  l e a k  rates f o r  one man. A t  +he r e l a t i v e l y  h igh  l e a k  r a t e  
of 2.38 lb/man day ( f o r  a 50:50 N 2 0 2  a tmosphere) ,  a11 of t h e  C 0 2  

is  b e i n g  reduced. 

I f  t h e r e  
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The Bosch r e a c t o r  a s  shown i n  F i g u r e  3 has a much 
lower s torable  consumption because it reduces a l l  of t h e  C 0 2  

x i t h o u t  a hydrogen requirement .  
weight  of H 2 0  and LN2 i s  a l s o  shown on F igure  2 v e r s u s  l e a k  rate.  

The t o t a l  d a i l y  storable 

The NH3-H20 combined hydrogen, oxygen and n i t r o g e n  

The only  component of t h e  NH -H 0 system which 
s t o r a g e  mode when combined wi th  t h e  S a b a t i e r  r e a c t o r  i s  shown 
i n  F i g u r e  4 .  
i s  d i f f e r e n t  from t h e  o t h e r  systems i s  t h e  NH3 d i s s o c i a t o r -  
s e p a r a t o r .  While such u n i t s  have n o t  been used b e f o r e  i n  
s p a c e c r a f t ,  they  have been used i n  t h e  chemical i n d u s t r y  f o r  
more t h a n  1 0  y e a r s .  The power consumption i s  very l o w  and i s  
p u r e l y  thermal  so  t h a t  i t  may be s u p p l i e d  by a r a d i o i s o t o p e  
h e a t  Source.  

3 2  

The use  of NH3 as an a d d i t i o n a l  hydrogen source  
r e s u l t s  i n  complete C 0 2  r e d u c t i o n  a t  a l eak  ra te  of 0 . 9 5 5  

lb/man day. 
( i n c l u d i n g  s t o r a g e  tankage)  v e r s u s  leak ra te .  

F igu re  2 shows t h e  t o t a l  weight  of NH3 and H 2 0  

Sys t e m  Performance - 
The t o t a l  atmosphere system weight  (MOL s i e v e ,  

reactors, NH dissociator ,  and e l e c t r o l y s i s  c e l l  and t o t a l  
s t o r a g e )  f o r  an 8 0 3  day miss ion  i s  shown i n  F igu re  5 ,  ve r sus  
l e a k a g e  rate.  T h e  3osch r e a c t o r  system i s  t h e  l o w e s t  weight  
a t  t h e  lowest l e a k  r a t e s ,  however, t h e  use  of NH 

s t o r a g e  mode enab le s  one t o  approach or  e q u a l  t h e  performance 
of t h e  Bosch reactor a t  t h e  low l e a k  rates which could  be 
expec ted  of advanced s p a c e c r a f t  systems.  I n  a d d i t i o n ,  t h e  non- 
c ryogen ic  n a t u r e  of t h e  storable i s  a s i g n i f i c a n t  o p e r a t i o n a l  
s a f e t y  and des ign  advantage.  Because t h e  t anks  are non-cryo- 
g e n i c ,  t h e r e  i s  no p e n a l t y  involved  i n  making many s m a l l  t anks  
r a t h e r  t h a n  one l a r g e  one. The tankage  weight  f o r  H 2 0  and NH3 

i s  so  much less t h a n  t h a t  f o r  even t h e  b e s t  cryogen t anks  t h a t  
t h e  tankage  weight  p e r  pound of  N 2 ,  and O2 i s  approximately t h e  
s a m e  f o r  ei ther form. The s p a c e c r a f t  can be l e f t  i n  o r b i t  
i n  t h e  dormant c o n d i t i o n  wi thou t  t h e  problem of O2 and N 2  

b o i l o f f  l o s s e s ,  and c u r r e n t  NASA g u i d e l i n e s  c a l l  f o r  a 6 month 
dormant o r b i t a l  s t o r a g e  pe r iod .  

H 2 0  can be accomplished wi thou t  t h e  i n e f f i c i e n t  t r a n s f e r  l i n e  
b o i l o f f  losses expected w i t h  c ryogen ic  N 2  and O2 wi th  less 
pad complexi ty  and o r b i t a l  o p e r a t i o n s  hazards .  
h a z a r d s  a s s o c i a t e d  w i t h  s t o r a g e  of LO2 and L N 2  due t o  meteoroid 
p u n c t u r e s  o r  tank f a i l u r e  a r e  reduced by H 2 0  and NH3 s t o r a g e .  

3 

a s  an N 2  3 

O r b i t a l  r e supp ly  of NH3 and 

F i n a l l y  t h e  
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CONCLUSION 

The NH -H 0 S a b a t i e r  r e a c t o r  system o f f e r s  a system 
with h i g h l y  desirable performance, development and o p e r a t i o n a l  
f e a t u r e s .  I t  i s  recommended that NBSL’I conduct  a more d e t a i l e d  
systems a n a l y s i s  i n c l u d i n g  e v a l u a t i o n  i n  l a b o r a t o r y  s i m u l a t i o n s .  

3 2  

1 0  12-RG-s j h  

A t  tachinen ts  

/ R. Gorman 



I 
~ BELLCOMM, I N C .  

APPENDIX 

1 . 0  INTRODUCTION 

For long t e r m  missions t h e  d a i l y  requi rements  f o r  
t h e  c a b i n  atmosphere add up t o  a s u b s t a n t i a l  p o r t i o n  of t h e  
s p a c e c r a f t  weight .  Although some s t o r e s  w i l l  always be re- 
q u i r e d  f o r  c a b i n  l e a k s  t h e  s u p p l i e s  can be l a r g e l y  reduced 
by r e g e n e r a t i n g  t h e  oxygen consumed by t h e  crew f r o m  t h e  
crews r e s p i r e d  C02 and H 2 0 .  

s tore 3 d i f f e r e n t  expendables:  
This  r e g e n e r a t i v e  approach i n t r o d u c e s  a need t o  

- oxygen f o r  b r e a t h i n g  and c a b i n  l e a k s ,  

- n i t r o g e n  f o r  cabin l e a k s ,  and 

- hydrogen t o  suppor t  t h e  chemical r e a c t i o n  
used t o  reclaim 0 f r o m  C02.  

2 

This  s u g g e s t s  combining t h e  H2, N2, and O2 s t o r a g e  requi rements  
as s t o r a g e  of NH and H 0--both non-cryogenic l i q u i d s .  This  
memorandum w i l l  d i s c u s s  O2 recovery sys tems,  comparing cryo- 
g e n i c  and H20/NH s t o r a g e  systems. The major hardware i t e m s  
and their a v a i l a b i l i t y  w i l l  be d e f i n e d .  

3 2 

3 

2 .0  OXYGEN RECOVERY 

Man's metabolic processes  conve r t  0 and food i n t o  2 
C 0 2  and H 2 0 .  T y p i c a l  metabolic rates are: 

1 . 4  lb/day food consumption (d ry  weight)  p e r  man, 

2 .0  lb/day O2 consumption p e r  man, 

2 .25  lb/day C02 product ion p e r  man, 

0 . 5  lb/day H 2 0  n e t ,  r ecove rab le  from r e s p i r e d  
a i r  and u r i n e  p e r  man. 
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I n  t h e  C 0 2  r e d u c t i o n  p rocesses ,  t h e  Co2 is  reduced w i t h  H 2  

t o  g i v e  H 2 0 .  The r e s u l t a n t  H 2 0  i s  e l e c t r o l y z e d  t o  g i v e  H 2  

and 02. One C 0 2  r e d u c t i o n  p rocess ,  t h e  Bosch p r o c e s s ,  re- 
duces t h e  C 0 2  t o  water and carbon by r e a c t i n g  it wi th  H 2  

I t s  r e a c t i o n  i s :  

I r o n  C a t a l y s t  
energy  + C02 + 2 H 2  > 2 H 2 0  + C 

1800 OF 

The H 2 0  i s  t h e n  e l e c t r o l y z e d  to  H 2  and 02/  t h e  O2 i s  d i r e c t e d  
t o  t h e  cab in  and t h e  H i s  d i r e c t e d  back t o  t h e  Bosch r e a c t o r .  
The Bosch reactor, because i t  reduces t h e  C02 t o  carbon,  must 
t h e n  get r i d  of t h e  carbon which would o the rwise  accumulate 
i n  t h e  reactor. Experience s o  f a r  w i t h  t h e  Bosch r e a c t o r  
(Reference  1) has  shown t h a t  t h e  r e a c t i n g  stream d e p o s i t i o n s  
carbon on n e a r l y  eve ry  i n t e r i o r  m e t a l  s u r f a c e .  This  d e p o s i t  
is  h a r d  and n o t  r e a d i l y  removable. 
s o l v e s  t h e  i r o n  upon which it d e p o s i t s .  The problem of 
c o n t r o l l i n g  t h e  carbon d e p o s i t i o n  has  caused i n t e r e s t  t o  
s h i f t  l a r g e l y  t o  t h e  S a b a t i e r  p rocess .  

2 

I t  also p a r t i a l l y  d i s -  

The Sabat ier  process  reacts t h e  hydrogen wi th  t h e  
C02,  producing  methane and w a t e r .  The r e a c t i o n  i s :  

500°F 
4 H 2  + C 0 2  - 2 H 2 0  + CH4 + energy 

Pd C a t a l y s t  

The w a t e r  i s  then  condensed o u t  of t h e  reactor exhaus t  stream 
and t h e  remaining CH4 d i scarded .  The condensed wa te r  i s  then  
e l e c t r o l y z e d  as i n  t h e  Bosch process. This  system r e q u i r e s  an 
e x t e r n a l  supply  of 1 l b  of H 2  f o r  every  8 l b  of O2 recovered  
from C02 due t o  t h e  loss of H2 w i t h  t h e  CH4. 
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S a b a t i e r  r e a c t o r s  have shown good performance and 
r e l i a b i l i t y  i n  l i f e  s u p p o r t  s i m u l a t o r  tests (Ref.  2 ,  3, 4) 
a t  LaRC,  Lockheed, and Douglas. The lower r e a c t i o n  tempera- 
t u r e  and l a c k  of power requirement  a l so  make t h e  S a b a t i e r  
r e a c t o r  a t t rac t ive  t o  the  l i f e  s u p p o r t  system d e s i g n e r .  

3.0 CABIN LOSSES 

Loss rates t o  be  exDected f r o m  leakage have been 
es t inated t o  be anywhere from 0.5 t o  6 . 5  lb/man day depending on 
t h e  person  doing the  e s t i m a t i n g  and t h e  l e v e l  of techology assumed. 
B a r r i n g  leaks, however, there w i l l  s t i l l  be a loss of cab in  atmos- 
phe re  due t o  a i r l o c k  o p e r a t i o n s ,  cab in  pu rges ,  and unintended 
c a b i n  d e p r e s s u r i z a t i o n  (meteors, f i r e s ,  ECS mal func t ion)  . 

Toxic contaminants ,  r e i e a s e d  i n  t h e  s p a c e c r a f t  by 
me tabo l i c  a c t i v i t y ,  o x i d a t i o n  of materials,  material ou tgass ing  
and o p e r a t i o n s  of t h e  water management system, may n o t  a l l  be 
d e s t r o y e d  or  e l i m i n a t e d  i n  the  t o x i n  bu rne r  ( c a t a l y t i c  ox i -  
d i z e r )  and charcoal absorbant beds. I t  may b e  prudent  t o  
p e r i o d i c a l l y  purge &e c a b i n  t o  vacuum and l e t  it "vacuum soak" 
f o r  a f e w  hours  t o  e l i m i n a t e  t h e  micro-contaminants which have 
b u i l t  up. A f i r e ,  no matter how s m a l l ,  w i l l  probably release 
l a r g e  q u a n t i t i e s  of t o x i c  subs tances  which can only  be e l i m i -  
n a t e d  by purg ing  t h e  c a b i n  t o  vacuum and "seaking"  it. I f  t h e  
c a b i n  c o n t a i n s  1000  f t  p e r  man and i s  purged every  9 0  days a 
l o s s  ra te  of 0.45 lb/man day ( O f  7 p s i  N 2  - 02) r e s u l t s .  
a i r l o c k  would expend 5 l b s  of atmosphere i f  no scavenging pump 
w e r e  used.  

3 

A 200 f t 3  

4 .0  CONSUMABLE STORAGE 

Even w i t h  t o t a l  O2 recovery from metabo l i c  w a s t e  
p roduc t s  t h e  losses overboard f r o m  t h e  c a b i n  r e q u i r e  s t o r a g e  
of s i g n i f i c a n t  q u a n t i t i e s  of 02. 
t h i s  problem i s  t o  s t o r e  t h i s  O 2  as H20 and produce t h e  O 2  

u s i n g  t h e  a v a i l a b l e  e l e c t r o l y s i s  ce l l .  T h i s  w i l l  avoid t h e  
problems involved  i n  c ryogen ic  O2 s t o r a g e  a t  t h e  expense of 
i n c r e a s e d  e lec t r ica l  power consumption and load  on t h e  electro- 
l y s i s  c e l l .  
Sabatier r e a c t o r .  

leakage O2 makeup,is u s u a l l y  not enough 
reactor t o  reduce a l l  of t h e  C02.  

several ways of o p e r a t i n g  t h e  O 2  recovery  system. 

A non-cryogenic approach t o  

T h e  excess  H 2  i n  t h e  H 2 0  can t h e n  be used i n  t h e  
The amount of H 2  i n  t h e  H 2 0 ,  r e q u i r e d  f o r  

f o r  t h e  S a b a t i e r  
I n  t h i s  s i t u a t i o n  there a r e  

They are: 

Supply t h e  needed H 2  from H 2  s t o r a g e  (gas  or  l i q u i d ) .  

Operate  w i t h  p a r t i a l  C 0 2  r educ t ion .  
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U s e  Ni13 s t o r a g e  a s  a combined source  of N 2  and H a .  

A l l  of t h e  O2 i n  t he  C 0 2  can be recovered  i f  s u f f i -  
c i e n t  H a  i s  stored. 
s m a l l ,  less t h a n  1 / 8  of t h e  weight  of t h e  O2 recovered ,  b u t  

long  t e r m  s t o r a g e  i s  d i f f i c u l t .  The r e l a t i v e l y  s m a l l  amounts 
of H 2  needed r e s u l t  i n  s m a l l  tanks w i t h  l a r g e  area-to-volume 
r a t i o s  which i n c r e a s e  t h e  thermal i n s u l a t i o n  r e q u i r e n e n t s  f o r  
t h e  t a n k  w a l l s .  The r e s u l t a n t  H2  t ank  weight  i s  l a r g e r  than  
t h e  weight  of a t ank  of H 0 con ta in ing  an e q u i v a l e n t  amount of 

H 2 .  Thus when t a n k  weights  a r e  i n c l u d e d ,  hydrogen i s  s t o r e d  
more e f f i c i e n t l y  as water t h a n  it i s  as l i q u i d  hydrogen. 

The t o t a l  weight  of H2  s t o r e d  i s  r e l a t i v e l y  

2 

The H 2 0  used for  H 2  s t o r a g e  a l s o  c o n t a i n s  O2 which 

r educes  t he  requirement  f o r  reducing C02.  

as a combined H 2 0  and O2 s t o r a g e  does n o t  supply enough H 2  t o  
comple te ly  reduce t h e  C02.  

r e s u l t s  i n  dumping of some C02. 

The uses  of H 2 0  

The r e s u l t a n t  ecology t h e r e f o r e  

N 2  i s  somewhat more d i f f i c u l t  t o  s t o r e  as a c ryogenic  
l i q u i d  t h a n  O2 b u t  n o t  t o  the same degree  as H a .  L N 2  has a 
l o w e r  hea t  of v a p o r i z a t i o n  and d e n s i t y  than  LO2 and t h i s  

r e q u i r e s  l a r g e r  b e t t e r - i n s u l a t e d  t a n k s  i n  o r d e r  t o  ho ld  t h e  
s a m e  q u a n t i t y  of cryogen. A way t o  avoid  t h e  c ryogenic  problem 
i s  t o  s tore  N2 i n  t h e  form of NH3. The NH3 i s  a subcritical 
l i q u i d  a t  room tempera ture  and l o w  p r e s s u r e  (150 p s i a )  The 
NH3,  i n  a d d i t i o n  c o n t a i n s  H2, which w i l l  enab le  us t o  reduce 
m o r e  CO and decrease t h e  H20 requi rement .  

C02 r e d u c t i o n  system are: 

2 

TWO p o s s i b l e  approaches w i t h  t h e  S a b a t i e r  r e a c t o r  

1. H 2 0  and NH3 s t o r a g e .  

2 .  H 2 0  and LN2 s t o r a g e .  
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4 . 1  Tankage Weight 

H 0 can be s t o r e d  i n  minimum gage tankage of any 
convenient  shape because it i s  a room tertiperature l i q u i d  a t  
l o w  p r e s s u r e .  E s t i m a t e d  H 2 0  tank weight  f r a c t i o n  i s  0 . 0 5 .  

N H 3  i s  a l i q u i d  a t  room tempera ture  and 150 p s i .  This  l o w  
p r e s s u r e  r e s u l t s  i n  a tankage weight f r a c t i o n  estimated a t  
0 .065 .  
e l i m i n a t e s  t h e  need f o r  any phase s e p a r a t i o n .  

2 

The mode of NH3 u se  ( i n  a h igh  tempera ture  d i s s o c i a t o r )  

Cryogenic l i q u i d  s t o r a g e  of LO2 and LN2 i n  advanced 
tankage  systems ( s u b c r i t i c a l  tanks , dacron t ank  s u p p o r t s )  i s  
p o s s i b l e  f o r  t w o  y e a r s  a t  a weight f r a c t i o n  of 0 . 1 5  f o r  LO2 

and 0 . 2 1  f o r  L N 2  ( L N 2  has  a lower d e n s i t y ,  b o i l i n g  p o i n t  t h a n  

L O 2 ) .  

5 . 0  ATMOSPHERIC SUPPLY SYSTEMS 

The a tmospher ic  supply system i s  t h e  combination of 
Four sys-  t h e  O2 recovery system and t h e  s t o r e d  expendables .  

t e m s  w i l l  be cons idered:  

1. S a b a t i e r  reactor system wi th  L N 2  (c ryogenic)  s t o r a g e  

H2 - of N 2  and H 2 0  s t o r a g e  of 02, 

H2 2. S a b a t i e r  r e a c t o r  system wi th  NH3 s t o r a g e  of N 2 ,  

and H 2 0  s t o r a g e  of H 2 ,  O2 

2 3 .  Bosch reactor system wi th  c ryogenic  s t o r a g e  of L N  

and H 2 0 .  

4 .  N o  C 0 2  r e d u c t i o n  with c ryogenic  s t o r a g e  of LN 2,  L O 2 *  

6 . 0  SYSTEM 1 DESCRIPTION (SABATIER/LN2/H20) 

F igu re  1 shows a system schematic  r e p r e s e n t a t i o n  of 
t h e  i n t e r a c t i o n s  of a LN2/H20  s t o r a g e  Sabatier reactor atmos- 
p h e r i c  supply  system. The system i s  composed o f :  

A C02  s e p a r a t o r  system which removes t h e  CO 2 f r o m  
t h e  c a b i n  atmosphere. 
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A S a b a t i e r  r e a c t o r  which reacts t h e  C 0 2  w i th  H2 

producing H 2 0  and CH 

An e l e c t r o l y s i s  c e l l  which e l e c t r o l y z e s  t h e  H 2 0  

from t h e  S a b a t i e r  r e a c t o r  and releases 0, t o  t h e  

4 '  

cab in  and H2 back t o  

Water s t o r a g e  system 

Cryogenic L N 2  t ank .  

L 
t h e  S a b a t i e r  r e a c t o r .  

t o  s t o r e  t h e  w a t e r  needed. 

The C02 removal system c u r r e n t l y  a t  t h e  h i g h e s t  s t a g e  
of development i s  t h e  Molecular S i eve .  
Zeol i te  t o  absorb  t h e  C02  from t h e  cab in  atmosphere. 
Z e o l i t e  i s  then  desorbed by h e a t i n g  and pumping o u t  t h e  C 0 2 .  

and f e d  i n t o  t h e  S a b a t i e r  

I t  employs a bed of 
The 

The C02  i s  mixed w i t h  H 
2 

reactor. The S a b a t i e r  reactor i s  a bed of c a t a l y s t  a t  500'F- 
700'F. The reactor u s u a l l y  i n c o r p o r a t e s  a counter f low h e a t  
exchanger  t o  act  as an economizer  t o  h e a t  t h e  incoming flow 
and c o o l  t h e  out f low.  With e f f i c i e n t  c a t a l y s t s ,  a s u i t a b l e  
t empera tu re  g r a d i e n t  i n  t h e  r e a c t o r ,  and a low volume f low 
rate  t h e  convers ion  e f f i c i e n c y  of t h e  reactor can  be w e l l  over  
9 9 % .  ( 9 9 . 8 %  a f t e r  800 hours  of o p e r a t i o n  a t  210°C--Reference 4 . )  
The r e a c t i o n  i s  exothermic s o  t h a t  no e x t e r n a l  energy need be 
s u p p l i e d .  The p rocess  i s  cont inuous.  

The out f low of t h e  reactor i s  a mixture  of H 2 0 ,  

CH4 and any unreac ted  H2 and C02.  

i n  a condensing h e a t  exchanger t o  remove a l l  t h e  H20. 
remain ing  CH i s  dumped overboard.  
t h e  w a t e r  e l e c t r o l y s i s  c e l l  d i r e c t l y  o r  i n t o  t h e  water  manage- 
ment sys tem which t h e n  s u p p l i e s  t h e  e l e c t r o l y s i s  ce l l .  

The out f low i s  then  cooled 
The 

The H 2 0  i s  then  pumped t o  4 

The w a t e r  e l e c t r o l y s i s  c e l l  must be designed f o r  
zero-g.  The requirement  f o r  zero-g o p e r a t i o n  has  l e d  t o  t h e  
concep t  of a porous ma t r ix  or  membrane which j u s t  touches 
t h e  e l e c t r o d e  (which i s  u s u a l l y  a c a t a l y t i c  s c r e e n )  and t h e  
H 2  and O2 gene ra t ed  a t  t h e  f l u i d - e l e c t r o d e  i n t e r f a c e  i s  sepa-  
rated f r o m  t h e  l i q u i d  by s u r f a c e  t e n s i o n .  There have been problems 
i n  t h e  p a s t  i n  t h e  d u r a b i l i t y  and r e l i a b i l i t y  of t h e s e  dev ices  b u t  
a second g e n e r a t i o n  of e l e c t r o l y s i s  cel ls  wi th  g r e a t e r  r e l i a b i l i t y  
and m a i n t a i n a b i l i t y  i s  coming i n t o  use  (References 5 ,  6 ) .  
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6 . 1  System 1 Weight and Performance 

The me tabo l i c  requirement  f o r  O2 f o r  a crew of N i s  

2 .ON lb/day.  
board of 1 l b  of c a b i n  atmosphere r e s u l t s  i n  t h e  loss of 0 .534  
l b  of O2 and 0 .466  lbs of N 2 .  

c a b i n  are: 

I n  t h e  7 p s i  50:50 0 2 : N 2  atmosphere t h e  loss  over-  

T h e  t o t a l  requi rements  i n  t h e  

N 2  requirement  - 0.466 L 

O2 requi rement  - 0.534 L + 2 N  

where L 1s t h e  l o s s  rate of cabin atmosphere from a l l  causes  
and N i s  t h e  number of crewmen. The weight  of t h e  Sabatier 
r e a c t o r ,  depending upon t h e  type  of thermal c o n t r o l  used ,  
v a r i e s  from ( 5  + 1 N )  l b  t o  (20  + 4N) (References 7 ,  8 ) .  

The weight  of e l e c t r o l y s i s  cel ls  wi th  redundant  
c a p a c i t y  ( f o r  r e l i a b i l i t y )  varies from 15  (N + 0.26L) t o  
50  (N + 0.26L) (References  5 ,  7 ) .  The e l e c t r o l y s i s  c e l l  
u s e s  t h e  m o s t  power i n  t h e  system. Although t h e  t h e o r e t i c a l  
power i s  %160 ( N  + 0.26L)  w a t t s ,  real  e l e c t r o l y s i s  c e l l  e f f i -  
c i e n c i e s  have been r a t h e r  lower r e s u l t i n g  i n  power requi rements  of 
%250 ( N  + 0.26L) w a t t s .  

The consumables , however, make up t h e  g r e a t e s t  p a r t  
of t h e  we igh t  of t h e  system and they  are, t h e r e f o r e ,  t h e  m o s t  
s i g n i f i c a n t  weight .  

The combined r e a c t i o n  of e l e c t r o l y s i s  of t h e  s t o r e d  
w a t e r  and t h e  Sabat ier  r e a c t o r  i s :  

2 H 2 0  + C 0 2  +- CH4 + 2 0 2  

Reduct ion of a l l  t h e  C02 w i l l  t h u s  r e s u l t  i n  more t h a n  t h e  
metabol ic  requi rement  for 02. 

reduced t o  accommodate +he O2 need. 

Only enough C02 need be 
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I f  only enough C 0 2  i s  reduced to meet t h e  metabol ic  
and loss requirement  of 0 . 5 3 4  L t 2 N .  
ment i s  t h e n  1 . 1 2 5 N  + 0 . 3 0 0 L .  

This  requirement  i s  c o r r e c t  u n t i l  a l l  t h e  C 0 2  i s  reduced i n  
t h e  S a b a t i e r  r e a c t o r .  The equat ion  for t h e  water -Sabat ie r  
r e a c t o r - e l e c t r o l y s i s  c e l l  t e l l s  u s  t h a t  f o r  every pound of 
oxygen thus  produced 0.689 l b  o f  CO must b e  reduced.  S ince  
t h e  crew only produces 2 . 2 5  N pounds of C 0 2  p e r  d a y  t h e s e  
equa t ions  hold  only  as long as ( 2 N  t 0 . 5 3 4 L )  0 . 6 8 9  < 2 . 2 5 N  or 
as long  as 

The t o t a l  water r e q u i r e -  
The LN2 requirement  i s  0 . 4 4 6  L .  

2 

L 
< 2 . 3 8  

I f  t h e  l o s s  r a t e  per  man ( ) , i s  g r e a t e r  t han  ii 
2.38  lb/day,  t h e  e x t r a  O 2  requirement i s  be ing  met a t  a water  
c o s t  of  

( 0 . 5 3 4 L )  or 0.60L lb/day,  

s o  t h a t  t h e  H 0 requirement. equat ion can b e  de f ined  f o r  a l l  
l o s s  r a t e  as 

2 

H 2 0  r e q  - 1 . 1 2 5 N  t 0 . 3 0 0 L  L 0 < iq < 2.38  

H 2 0  r e q  - 0 . 4 1 1 N  t 0 . 6 0 0 ~  L 2 . 3 8  < jj 

The d a i l y  H20 requirement can b e  p a r t i a l l y  m e t  b y  

t h e  me tabo l i c  excess  H 0 which could b e  recovered from t h e  
u r i n e  water and atmospheric  condensate i f  t h e  water  management 
system were n e a r  1 0 0 %  e f f i c i e n t .  I f  t h e  f e c a l  water (0.25 
lb/man day)  i s  d i sca rded  t h e r e  i s  s t i l l  about  0 . 5  lb/man day 
a v a i l a b l e  from u r i n e  and atmospheric condensate water. This  
i s  because food i s  composed of a mixture  of carbohydrates  
and f a t s  and p r o t e i n .  The carbohydrate  i s  i n  gene ra l :  

2 

t h e  f a t :  

and t h e  p r o t e i n :  
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The me tabo l i c  processes  are c h i e f l y  o x i d a t i o n  s o  
t h a t  i n  effect:  

O2 + (Food) - C02 + H 2 0  + Nitrogenous waste. 

The t o t a l  water requirement  does n o t  therefore 
have t o  be m e t  from stores. The w a t e r  recovered  from t h e  
water management system w i l l  be independent  of t h e  O2 recovery 
system and can b e  subtracted f r o m  whatever requirement  f o r  
stored w a t e r  t h e r e  i s .  
from c ryogen ic  s t o r a g e  of l i q u i d  n i t r o g e n .  

The N2 requirement  of 0.4661; i s  m e t  

7 .0  SYSTEM 2 DESCRIPTION (SABATIER/NH3/H20) 

The components of t h i s  system a r e  r e p r e s e n t e d  i n  
schematic form i n  F igu re  2. The p r i n c i p a l  d i f f e r e n c e  i n  t h e  
t w o  systems i s  t h e  sou rce  of N2. The N 2  s o u r c e  i s  NH3 which 
i s  d i s s o c i a t e d  and t h e n  s e p a r a t e d  i n t o  H 2  + N 2 .  T h e  H 2  goes 
t o  t h e  Sabatier reactor and t h e  N 2  s u p p l i e s  t h e  cab in  N 2  

requi rement .  

7.1 NH T o x i c i t y  3 

NH i s  a t o x i c  gas  whose l e v e l  of obvious detect- 
a b i l i t y  i s  somewhat below i ts  i n d u s t r i a l  t h r e s h o l d  l i m i t  
v a l u e  (TLV) . I n  a s p a c e c r a f t  l i f e  suppor t  system s i m u l a t o r  
t e s t  levels of 1 7  ppm ( p a r t s  p e r  m i l l i o n )  w e r e  r e a d i l y  
detected as smar t ing  eyes  and burn ing  throa ts  (Reference 51, 
as compared t o  a TLV of 50 ppm. 

3 

NH3 i s  produced by normal body metabolism, c h i e f l y  
as free NH3 i n  u r i n e .  
u r i n e  water must b e  able t o  accommodate > 2  gms/man day of 
N d 3 .  

u r e a  i n  p e r s p i r a t i o n  g e n e r a t e  as much as 1 gm/man day. 

Water recovery systems which recover  

A d d i t i o n a l  s o u r c e s  such as b a c t e r i o l o g i c a l  breakdown of 

There i s  a t  p r e s e n t ,  s o m e  disagreement  as t o  t h e  
e f f i c a c y  of c a t a l y t i c  o x i d i z e r s  i n  e l i m i n a t i n g  NH3 from t h e  

c a b i n  atmosphere,  however, t h e  combination of p r e  and p o s t  
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s o r b a n t  beds used  i n  conjunct ion  w i t h  a c a t a l y t i c  o x i d i z e r  
has e l i m i n a t e d  i t  i n  t h e  p a s t .  
h e l p s  c o u n t e r a c t  t h e  danger  of poisoning  which i s  p r e s e n t  i n  
p o s s i b l e  system mal funct ion .  

The easy  d e t e c t a b i l i t y  o f  NH3 

7 .2  NH Dissociator 3 

The d i s s o c i a t o r  i s  a h igh  tempera ture  c a t a l y t i c  
reactor i n  which t h e  r e a c t i o n  

1400-1800°F 

____+ N 2  + 3 H 2  
c a t a l y s t  l b  N 2  1410BTU + 2NH3 

takes p l a c e .  NH dissociators have been used as H sou rces  

i n  the  chemical i n d u s t r y  f o r  more t h a n  10 y e a r s .  
a t o r  capable  of producing 0.745 l b / h r  of H 2  (and 3 . 4 8  l b /h r  of 

N 2 )  
w a l l  t h i c k n e s s ) ,  wound around a 3 . 3 7 5  i n c h  mandrel ,  f i l l e d  w i t h  
a n i c k e l  based  c a t a l y s t  (Reference 9 ) .  A d i s s o c i a t o r  can 
i n c o r p o r a t e  an i s o t o p e  h e a t  source  t o  provide  t h e  1 4 1 0  B T U / l b  
of N2 r e q u i r e d .  
f o r  8.05L w a t t s  of heat from t h e  i s o t o p e .  The d i s s o c i a t o r  

3 
would i n c o r p o r a t e  a counterf low heat exchanger t o  heat t h e  NH 

t o  1800OF and cool the H 2 ,  N 2  mix ture  l e a v i n g  t h e  d i s s o c i a t o r .  
The t o t a l  weight  of the d i s s o c i a t o r  i n c l u d i n g  t h e  heat  s o u r c e ,  
d i s s o c i a t o r ,  and counter f low h e a t  exchanger can be assumed 
comparable t o  a r a d i o i s o t o p e  hea ted  c a t a l y t i c  burner  of t h e  
same thermal  power (Reference  11). The weight  i s  estimated 
a t  2L l b s .  

3 2 
An e x i s t i n g  d i s s o c i -  

i s  a c o i l  of 7 t u r n s  of one-inch Incone l  600  tube  ( 0 . 0 6 5  

On a 24 hour  basis  t h i s  i m p l i e s  requirement  

7 . 3  N ~ - H ~  S e p a r a t o r  

T h e  stream of N 2  and H 2  i s  cooled  t o  about  800'F 

and passed  i n t o  t h e  s e p a r a t o r .  T h e  s e p a r a t o r  as used i n  t h e  
chemica l  i n d u s t r y  and l a b o r a t o r i e s  i s  a s e t  of PdAg a l l o y  tubes  
a t  800°F  across which t h e  H 2  d i f f u s e s .  
t h e  s u r f a c e  of t h e  pa l lad ium t h e  diatomic H 2  molecule s p l i t s  
i n t o  atomic hydrogen which r e a c t s  w i t h  t h e  pal ladium forming 

A t  a c t i v e  s i tes  on 
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PdHx, a non- s to i ch iomet r i c  hydr ide .  t h igh  t empera tu re  t h e  
pa l lad ium becomes s a t u r a t e d  wi th  hydrogen. I f  t h e r e  i s  a 
d i f f e r e n c e  i n  t h e  hydrogen p a r t i a l  p r e s s u r e  across a t h i n  
s h e e t  of t h e  material ,  t h e  s h e e t  w i l l  a c t  as a semi-permeable 
membrane a l lowing  only  t h e  hydrogen t o  pass  through.  I n  
l a b o r a t o r y  and i n d u s t r i a l  d i f f u s e r s  one squa re  f o o t  of m a t e r i a l  
3 m i l s  t h i c k  w i l l  a l l o w  0 .18  lb /h r  of H2 t o  d i f f u s e  through 
when d r i v e n  by a p o t e n t i a l  d i f f e r e n c e  of 1 8 0  p s i  ( a t  38OOC). 
Higher tempera ture  w i l l  i n c r e a s e  t h e  pe rmeab i l i t y  and i n  
i n d u s t r i a l  u n i t s  t h e  tempera ture  i s  u s u a l l y  se t  a t  430OC. 

Both t h e  hydrogen d i f f u s e r  ce l l  and t h e  d i s s o c i a t o r  
a r e  used  as a s i n g l e  package i n  i n d u s t r y  and l a b o r a t o r i e s  as 
a s o u r c e  of h igh  p u r i t y  H2 from NH3. 

a r e  s t a t i c  long  l i f e  d e v i c e s .  The l i f e  (MTBF) of i n d u s t r i a l  
u n i t s  under d a i l y  thermal  c y c l i n g ,  no maintenance c o n d i t i o n s  
i s  3-4 y e a r s .  I n  a s p a c e c r a f t  t h e  u n i t  would o p e r a t e  a t  con- 
s t a n t  c o n d i t i o n s  and e s s e n t i a l l y  have t h e  l i f e  c h a r a c t e r i s t i c s  
of a h e a t  exchanger .  The s e p a r a t o r  could b e  s i g n i f i c a n t l y  
d e r a t e d  f r o m  i t s  i n d u s t r i a l  form and achieve  h i g h e r  e f f i c i e n c y  
( %  s e p a r a t i o n  of H2) w i t h  a weight  of 1.5L lbs .  The s e p a r a t o r  

w i l l  o n l y  work if t h e r e  i s  a p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  
membrane. There i s  a l i m i t  t o  i t s  e f f e c t i v e n e s s .  Commercial 
u n i t s  g e n e r a l l y  recover on ly  70% of t h e  Ha. 

The i n d u s t r i a l  u n i t s  

By making t h e  

di-Cfuser l o n g e r ,  it can recover 95% of t h e  H 2  from a 150  p s i  
stream down t o  a 5 p s i  o u t p u t .  

The remaining 5% of t h e  H2 must be e i t h e r  r e a c t e d  i n  
t h e  atmosphere systems c a t a l y t i c  burner  o r  removed i n  a 
" s t r i p p e r "  ce l l  (Reference  4 ) .  

The s t r i p p e r  c e l l  i s  an e l e c t o l y t i c  H 2  pump. I t  i s  

c a p a b l e  of removing t h e  r e s i d u a l  H 2  from t h e  N2 stream t h a t  
the d i f f u s e r  misses. I t  i s  2 ho l low Pd-25 Ag e l e c t r o d e s  
through which H 2  i s  d i f f u s e d  t o  a KOH s o l u t i o n .  
ce l l s  o f  t h i s  c o n s t r u c t i o n  have run  f o r  more than  1 . 5  y e a r s  
w i t h o u t  d i f f i c u l t i e s  a t  Ba te l l e  (References 4, 6 ) .  The power 
consumption of t h e  ce l l  assuming a 0.4V. v o l t a g e  drop a c r o s s  
t h e  ce l l  i s  206  w./lb H 2  p e r  day or 2.08L w a t t s  i f  t h e  d i f f u s e r  
works a t  a nominal 90% e f f e c t i v e n e s s .  I f  t h e  d i f f u s e r  d o e s n ' t  
work a t  a l l ,  a redundant  mode would have t h e  s t r i p p e r  c e l l  do 

E l e c t r o l y s i s  
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a l l  t h e  s e p a r a t i o n  a t  a power requirement  of 20 .8L  w a t t s .  
The s t r i p p e r  ce l l  weight  i s  estimated t o  b e  0 . 3 4 4  l b /wa t t  or 
0 .7L lbs  w i t h  t h e  d i f f u s e r  o p e r a t i n g  a t  0 . 9  nominal e f f e c t i v e -  
n e s s .  T h e  NH3 dissociator-diffuser-stripper system w i l l  
t h e r e f o r e  weigh about  4 . 2 L  l b s  p l u s  about  1 lb f o r  c o n t r o l s .  
Adding 1 l b  f o r  pumps and valves  and 1 Ib for l i n e s  g i v e s  a 
t o t a l  of (5.2L + 3 )  lbs. T h e  S a b a t i e r  r e a c t o r  and t h e  elec- 
t r o l y s i s  c e l l  weigh the  same as they  d i d  i n  System 1 s i n c e  
they  are t h e  same system. 

A s  i n  t h e  S a b a t i e r  H20/LN2 sys tem,  t h e  m o s t  impor- 
t a n t  weights  a r e  the  consumable i t e m s .  
the fo l lowing  p rocesses  t a k e  p lace .  

I n  t h e  H20/NH3 system 

7 . 4  System 2 Weight and Performance 

The leakage  n i t r o g e n  requi rement  i s  m e t  by d i s s o c i a -  
T h e  H from t h e  r e a c t i o n  goes t o  the  Sabatier 2 t i o n  of NH3. 

reactor e l e c t r o l y s i s  cel l  system. The r e a c t i o n s  are 

2NH3 - N 2  + 3 H 2  

4H2 + C 0 2  - 2 H 2 0  + CH4 

2 H 2 0  - 2 H 2  + O2 

o r  a l t o g e t h e r  

3CO2 + 4NH3 - 2 N 2  + 3 0 2  + 3 C H 4 .  

The H 2  from t h e  NH3 is s u f f i c i e n t  t o  reduce  enough C 0 2  t o  
produce 3 moles of O2 t o  every  2 moles of N2 needed. The 

r equ i r emen t  f o r  H 0 i n  t h e  S a b a t i e r  system i s  then  l i m i t e d  

t o  t h e  amount of O2 needed. 
2 
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The N 2  requi rement  of 0 .466L  l b  i s  m e t  by t h e  
1 7  
1 4  d i s s o c i a t i o n  of - (0.4551;) or 0.5661; of NH3 w i th  t h e  H2 

going t o  t h e  S a b a t i e r  r e a c t o r - e l e c t r o l y s i s  ce l l  combination 
and r e s u l t i n g  i n  t h e  product ion  of 0.800L of O2 and r e d u c t i o n  
of l . l L  of C 0 2 .  

i n g  t h e  S a b a t i e r  r e a c t o r - e l e c t r o l y s i s  c e l l  wi th  H 2 0  from 
s t o r a g e .  The remaining O2 requirement  i s  (2N+0.53L) lb-0.800L 
l b  o r  (2N-0.266L) l b .  The H,O t aken  from storage t o  m e e t  t h i s  

The remaining O2 requi rement  i s  m e t  by supply- 

fs - 

18 
32 requi rement  i s  - (2N-0.266L) l b  or (1.125N-.1496L) l b .  This  

H 2 0  w i l l  r educe  (1.375N-0.183L) l b  of C 0 2 .  As t h e r e  i s  only  
2.25N l b  of C 0 2  produced by the  c r e w  d a i l y ,  t h i s  ecology w i l l  
on ly  ho ld  when t h e r e  i s  C 0 2  remaining or  when (1.375N-0.183L) 
+ 1 . 1 L )  < (2.25N) o r  when L < 0.955N. For h i g h e r  l e a k  rates,  
t h e  0 2 , N 2  requi rements  a r e  m e t  by e l e c t r o l y z i n g  H 2 0  and 
d i s s o c i a t i n g  more NH3 and d i spos ing  of t h e  excess  H 2 .  

8.0 SYSTEM 3 DESCRIPTION (B0SCH/LN2/H2O) 

The Bosch reactor s y s t e m  i s  p r e s e n t e d  i n  schemat ic  
f o r m  i n  F igu re  3 .  The r e a c t i o n ,  because it produces s o l i d  
ca rbon  and H 0 vapor  t a k e s  p l a c e  i n  a c l o s e d  c i r c u i t ,  i . e . ,  
o n l y  Ha, C 0 2  go i n  and H 2 0  l i q u i d  comes o u t .  
dumped. I n  o r d e r  t o  p r e v e n t  t h e  carbon from c logging  t h e  
reactor,  a gas  pump o p e r a t i n g  a t  h igh  tempera ture  r e c y c l e s  
t h e  r e a c t i o n  p roduc t s  around a c i r c u i t .  I n  t h e  c i r c u i t  i s  
some t y p e  of carbon removal s y s t e m .  P r e s e n t l y  experimenta- 
t i o n  i s  going on wi th  removable c a r t r i d g e s  i n  which t h e  carbon 

2 
Nothing i s  

accumula tes .  There have been problems 
T h e  r e a c t i o n  

w i t h  t h i s  p rocess .  

2 H 2  + C 0 2  + 2H20 + C 

i r o n  c a t a l y s t  of t h e  
of t h e  h e a t  exchanger,  
o r  even on t h e  carbon 

p rocedes  c a t a l y t i c a l l y  n o t  only on t h e  
c a t a l y s t  bed,  b u t  i n  t h e  flow passages  
i n  t h e  pumps--everywhere t h e r e  i s  i r o n  
a l r e a d y  d i s t r i b u t e d  i n  t h e  system. Carbon c logging  has  been 
t h e  m a j o r  h u r d l e  i n  Bosch system des ign .  E f f o r t s  a t  Langley 
are c u r r e n t l y  aimed towards s o l u t i o n  of  t h i s  problem. 
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Work f o r  t h e  A i r  Force a t  TRW (Reference 10) u s i n g  
i r o n  p l a t e s  as a c a t a l y s t  and s c r a p i n g  o f f  t h e  "carbon" and 
s e p a r a t i n g  it from t h e  gas  s t ream i n  a c e n t r i f u g a l  cyclone 
s e p a r a t o r  has  produced s u c c e s s f u l  s h o r t  t i m e  o p e r a t i o n  of t h e  
Bosch p r o c e s s .  I t  has  r evea led  t h a t  t h e  carbon a l s o  c o n t a i n s  
i r o n  from t h e  c a t a l y s t  (8-20%).  The u s e  of t h e  Sosch would 
e n t a i l  e i t h e r  an i n i t i a l  charge of c a t a l y s t  adequate  f o r  t h e  
e n t i r e  mis s ion  o r  a s e t  of c a t a l y s t  c a r t r i d g e s  t o  be  r e p l a c e d  
as t h e  c a t a l y s t  became consumed, A weight  of 1 0 %  of t h e  re- 
p l a c e a b l e  "C" c a r t r i d g e s  i s  envis ioned  as adequate .  The 
Bosch r e a c t i o n ,  a l though i t  i s  exothermic  does n o t  release 
enough energy t o  h e a t  t h e  r e a c t a n t  up t o  t h e  r e a c t i o n  tempera- 
t u r e  w i t h  a counter f low h e a t  exchanger f o r  t h e  p roduc t s .  I t  
needs a n  e x t e r n a l  h e a t  sou rce .  I t  also needs a h igh  tempera- 
t u r e  pump t o  pump t h e  gases  i n  t h e  r e a c t o r  around t h e  c a t a l y s t ,  
th rough t h e  condensing h e a t  exchanger ,  through t h e  carbon 
s e p a r a t o r ,  and back t o  t h e  r e a c t o r .  

The h e a t i n g  and pumping power requi rement  i s  es t i -  
mated t o  be  70N w a t t s .  An u n d e s i r a b l e  f e a t u r e  of t h e  Bosch 
r e a c t o r  i s  t h a t  t h e  r e c y c l e  gas stream c o n t a i n s  CO i n  h igh  
c o n c e n t r a t i o n  so  t h a t  utmost ca re  must be  t aken  t o  avoid  
l eakage  of CO t o  h a b i t a b l e  spaces  i n  t h e  s p a c e c r a f t .  The 
c l o s e d  c i r c u i t  n a t u r e  of t h e  r e a c t o r  means t h a t  it must be 
o c c a s i o n a l l y  r e l i e v e d  of excess  p r e s s u r e  caused by t h e  s m a l l  
amount of n i t r o g e n  which may be f e d  i n t o  it as an  impur i ty  i n  
t h e  C 0 2 .  

8 . 1  Svstem 3 Weiaht and Performance 

The consumable weights  f o r  t h e  Bosch system, due t o  
i t s  c l o s e d  H2 c y c l e ,  are q u i t e  l o w .  The complete r e d u c t i o n  
of a l l  of t h e  C 0 2  g i v e s  an  oxygen supply  of ( 1 . 6 4 N )  l b  w i t h  

t h e  consumption of on ly  .0615N l b  of c a t a l y s t .  The rest of 
t h e  oxygen consumed by t h e  crew w a s  t r a n s p i r e d  i n  t h e  form of 
H 2 0 ,  and i s  recovered  e s s e n t i a l l y  by e l e c t r o l y s i s  of t h e  excess  
humidi ty  condensed from t h e  atmosphere. The hydrogen from t h i s  
e l e c t r o l y s i s  i s  d i s c a r d e d .  The N 2  requi rement  of 0.4661, i s  m e t  

f r o m  c ryogen ic  LN2 s t o r a g e .  

9.0 SYSTEM 4 DESCRIPTION (NO C 0 2  REDUCTION LN2/L02) 

The s i m p l e s t  s p a c e c r a f t  ecology i s  one of dumping 
t h e  C 0 2  and t a k i n g  O2 and N 2  f r o m  s t o r a g e .  The requirement  

of ( 2 N  + 0.53L)lb/day O2 and (0.466L)lb/day N 2  a r e  m e t  from 
c r y o g e n i c  t a n k s  of LO2 and LN2. I t  i s  shown i n  F igure  4 .  
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RESULTS AND CONCLUSIONS 

F igure  5 compares t h e  d a i l y  requi rements  for  each sys-  
t e m  f o r  va ry ing  l e a k  rates.  The system power requi rement  f o r  
va ry ing  leak rates i s s h o w n i n  f i g u r e  6 .  The Bosch reactor 
system, because it reduces  a l l  t h e  C02 a t  a l l  l e a k  ra tes ,  i s  
t h e  m o s t  economical system f o r  l o w  l e a k  ra tes .  The d i f f e rence  
d imin i shes ,  however, w i th  i n c r e a s i n g  l e a k  ra te  and a t  t h e  
r e l a t i v e l y  l o w  ra tes  expec ted  f r o m  advanced d e s i g n ,  t h e  consump- 
t i o n  rates are comparable. 

T h e  t o t a l  system weights  are d e f i n e d  i n  Table  1, and 
shown i n  f i g u r e  7 f o r  va ry ing  leak  rates,  fo r  a two-year miss ion .  
The Sabatier reactor w i t h  NH3,  H20 has approximately the  same 
o v e r a l l  weight  f o r  leak rates i n  excess  of 0 .955  lb/man-day. 

The performance of t h e  S a b a t i e r  system can be i n -  
creased by t h e  a d d i t i o n  of a methane-"cracker" . S e v e r a l  
approaches t o  t h i s  p rocess  a r e  be ing  looked i n t o  a t  p r e s e n t  
and, i f  s u c c e s s f u l ,  t h e  Sabatier system can be improved t o  
e q u a l  t he  performance of  t h e  Bosch system wi th  fewer pro- 
blems, as w e l l  as t h e  of f -des ign  non-methane c r a c k i n g  mode 
be ing  a v a i l a b l e  as a backup. 
f i n i t e l y  because  t h e y  d o n ' t  bo i l  o f f .  A s p a c e c r a f t  can t h u s  
remain dormant f o r  extended pe r iods  of t i m e  and n o t  l o s e  i t s  
a tmospher ic  supply  as shown i n  f i g u r e  8.  An a d d i t i o n a l  advan- 
t a g e  o f  t h e  u n i n s u l a t e d  NH3 and H 2 0  tankage i s  the  f a c t  t h a t  

there is no weight  p e n a l t y  i f  t h e  des ign  d i c t a t e s  several 
s m a l l  t a n k s  i n s t e a d  of one longer  one.  

H 2 0  and NH3 can be s t o r e d  inde-  

The S a b a t i e r  reactor system w i t h  NH /H 0 s t o r a g e  i s  

v e r y  a t t ract ive for  n e a r  term miss ions .  The lack of develop- 
men ta l  d i f f i c u l t i e s  so  f a r  demonstrated by S a b a t i e r  reactor 
e x p e r i e n c e  i n  manned,-and unmanned l i f e  suppor t  s i m u l a t o r s  
i n d i c a t e s  t h a t  it i s  a real  o p t i o n  fo r  t h e  '71- '75 t i m e  
p e r i o d .  By 1 9 7 5  t h e  Bosch r e a c t o r  may have been s u c c e s s f u l l y  
o p e r a t e d  o r  s o m e  system which combines a S a b a t i e r  reactor 
w i t h  a CH4 d i s s o c i a t o r  t o  recover  i t s  H 2  w i l l  have been 
developed.  
supp ly  system i s  recommended. NASA should  c o n s i d e r  i n c l u d i n g  
t h e  N H 3 / H 2 0  c y c l e  i n  a l i f e  suppor t  s i m u l a t o r  t e s t .  

3 2  

D e t a i l e d  a n a l y s i s  of the  NH3/H20  a tmospher ic  
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